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THE VITAMIN CONTENT OF PEAS AS INFLUENCED 
BY MATURITY, FERTILIZER, AND VARIETYl 
By 
ETHELWYN B. WILCOX and KATHARINE E. MORRELL2 
INTRODUCTION 
PEAS ARE RAISED extensively in home gardens and for commercial can-ning in Utah. Prime quality and high nutritive value in the fres~ 
canned, or frozen peas are desired by the grower, the processor, and the 
consumer. The degree of maturity is an important factor which in-
fluences the quality and hence the acceptability of peas for consumption. 
The relationship of maturity to quality and ascorbic acid content of fresh 
peas and methods of measuring maturity have been discussed in an 
earlier paper (10).3 The effect of maturity on the vitamin content of 
canned and frozen peas is of equal importance. 
In 'many studies on the vitamin content of frozen or canned peas 
the stage of maturity when recorded has been designated as young, 
mature, and over-mature, or as peas of one sieve grade. Uniform selec-
tion of peas as young, mature, and over-mature cannot be standardized 
for use in different laboratories without the use of an objective test for 
measurement of maturity in this selection. The use of sieve grade for 
the selection of peas of a given maturity has been shown by Pollard, 
et al (10) and Nielsen et al (9) to be unreliable. In each of these 
studies peas of the same sieve size increased in maturity as the har-
vesting season progressed. Tenderometer value or starch content was 
shown to be a reliable index of maturity. The ascorbic acid values of 
the peas (10) decreased as the season progressed. 
Although the influence of the fertility of the soil upon the vitamin 
content of different plants has been investigated by many workers, only 
a few reports are found on peas. In 1943 Maynard and Beeson (6) 
summarized and discussed the available data on the effect of different 
fertilizer treatments on the vitamin content of vegetables. In this review, 
some workers had reported findings indicating little or no effect of ferti-
lization on the ascorbic acid content of the following vegetables: spin-
ach, cabbage, carrots, and potatoes. In some instances a difference 
according to species had been found. In a few studies carotene increased 
in certain species of plants when fertilized with nitrogen. This latter 
lReport on project 234. Purnell. 
2Professor of nutrition and former research assistant, Dept. of Foods and Nutrition. 
3Numbers in parenthesis refer to literature cited page 16. 
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finding, however, had not been confirmed by other workers. Most studies 
on the effect of fertilization on thiamine have been made on cereals. 
Results of later work on this problem also show some variation. 
Todhunter and Sparling (14) did not find any significant increase in 
ascorbic acid content of peas, of sieve size 6, grown on soil treated with 
phosphorus. Other workers (3) ( 4) found nitrogen fertilization de-
creased the ascorbic acid content of tomatoes and of fruit. Hammer 
and co-workers (3) believed the decrease in vitamin content of tomatoes 
was caused by increased shading resulting from heavy foliage produced 
by the nitrogen fertilization. 
The effect of complete fertilizer (N, P, and K) on carotene of peas 
was not consistent and significant as reported by Teng-Yi Low (12). 
The maturity or quality of the peas that were analyzed was not men-
tioned. Other workers (16) (17) studying leaves of oats and rye found 
higher values associated with increased nitrogen in the soil. 
The results herein reported include data from the following studies: 
( 1) the influence of maturity on the ascorbic acid and carotene content 
of frozen and canned peas; (2) the influence of the use of different 
kinds and amounts of fertilizers on the ascorbic acid, carotene, and 
thiamine content of fresh peas; and (3) the effect of variety on the 
ascorbic acid, carotene, and thiamine content and quality of fresh peas. 
PROCEDURE 
MATURITY STUDY 
EARLY PERFECTION and Perfection peas were each grown on four plots . at Farmington, Utah, during 1944 and 1945. Details of the method 
used in raising and harvesting the peas have been reported (10). The 
period of harvest represented a range of maturity from very young to 
very old, that is from a tenderometer value of about 85 to 160. The 
peas were vined and cleaned. Representative samples of ungraded fresh 
peas were then taken from each plot and variety for tenderometer, 
starch, and ascorbic acid determination. 
From each of these samples of ungraded peas one lot was prepared 
for freezing by blanching 90 seconds in boiling water. To determine 
the loss of weight during blanching 400 grams of fresh peas were placed 
in a cheesecloth bag, blanched in the wire basket with the remainder 
of the lot and reweighed. The peas were then quick frozen and vacuum 
sealed in no. 2 cans ' and stored at OaF. For canning another lot was 
treated in a similar manner except that they were given a five-minute 
water blanch. Then 350 grams of these blanched peas were weighed 
into no. 2 cans, a 1 percent salt solution was added, the cans vacuum 
sealed and processed 26 minutes at 12 pounds pressure according to 
commercial canning procedure. The canned peas were stored at room 
THE VITAMIN CONTENT OF PEAS 5 
temperature. Analyses for ascorbic acid and carotene content of the 
frozen and canned peas were made after 2 or 3 months storage. Thiamine 
and riboflavin determinations were also made on a limited number of 
these samples. 
FERTILIZER STUDY 
Perfection peas were grown on three plots for each fertilizer treatment 
in 1947 as shown in table l. 
Ascorbic acid, carotene, and thiamine analyses were made on fresh 
samples of the ungraded peas from each plot. Maturity of the peas was 
measured by starch content and tenderometer values. 




Treatment NH4 NOa superphos-
phate 
Ib./acre Ib./acre Ib./acre Ib./acre 
No PNo 300 
Nl 200 PNl 200 300 
N2 400 PN2 400 300. 
Na 600 PNa 600 300 
Na splitO 600 PNa splitO 600 300 
*One-half of total amount applied at seeding, one-half three weeks later. 
VARIETY STUDY 
Fifteen varieties of canning and freezing peas were studied, each variety 
replicated four times. Samples of fresh ungraded peas from each variety 
and plot were used for ascorbic acid, carotene, and thiamine analyses. 
Stage of maturity was measured by the tenderometer. Composite sam-
ples of each variety were frozen but only the canning varieties were 
canned following the procedure outlined above. The quality of these 
peas was scored by a panel of judges for flavor, skin texture, cotyledon 
texture, and color. 
Ascorbic acid values were determined by the method of LoefHer 
and Ponting (5), carotene by a method adapted from the procedure of 
Moore and Ely (7), thiamine by an adaptation of the method of Connor 
and Straub (1) and starch as described by Nielsen (8). A tenderometer 
machine made by the American Can Company was used for determining 
the tenderness of the peas. This standard machine measures the resist-
ance of a given quantity of peas to ·a mechanical shearing force. 
The data from each of these studies-maturity, fertilizer and variety-
were analyzed for variance by the method of Snedecor (11). 
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RESULTS AND DISCUSSION 
MATURITY STUDY 
1J1!m INFLUENCE of maturity on yield, tenderometer values, starch con-
I tent, and ascorbic acid content in ungraded, and in sieve grades 1, 
2, and 3 fresh peas has previously been discussed in detail (10). 
Influence on Ascorbic Acid Content 
Increased maturity as indicated by tenderometer values or starch 
content showed an inverse relationship to ascorbic acid content of fresh 
peas (10). 
Stage of maturity had less influence on the ascorbic acid content 
of the frozen and canned peas than on the fresh peas. Differences in 
ascorbic acid values in the blanched and processed peas of low and 
high tenderometer readings were slight (fig. 1 and 2). Frozen Perfec-
tion peas with tenderometer values of 94 and 154, contained 22 and 19 
milligrams of ascorbic acid per 100 grams of fresh peas, respectively. 
In canned Perfection peas the decrease in ascorbic acid content with in-
creased maturity was similar. In these canned peas, total ascorbic acid 
content of both pea solids and liquid for the contents of each can ranged 
from approximately 49 to 43 milligrams for peas of increasing maturity. 
The ascorbic acid was about equally divided between liquid and pea 
solids and did not appear to be affected by maturity. Similar relation-
ships were shown in 1944. . 
In both frozen and canned Perfection peas the greatest decrease in 
ascorbic acid content was between the youngest and the most mature 
peas as based on tenderometer values. Data for Early Perfection peas 
while somewhat lower show the same trend. 
The increase in percent retention of ascorbic acid with increasing 
maturity of the peas approached significance for the peas blanched 90 
seconds and was significant for the frozen peas (table 2). The retention 
in peas blanched 5 minutes and in canned peas with increasing maturity 
showed less increase and was not significant. The range of retention 
for the 90 second blanch in Perfection peas in 1945 was 53 to 86 per-
cent for tenderometer values of 94 to 154 and for the 5 minute blanch 
48 to 66 percent. The data for 1944 showed the same rise for the over-
mature peas. Similar results were reported by Wagner et al (15). In 
their study peas having a tenderometer value of more than 150 retained 
more ascorbic acid after blanching than those of less than 105. The 
average difference in percent retention of ascorbic acid in the two pe-
riods of blanching for tenderometer values of 94 to 107 was 9.2. 
Losses from the freezipg process were under 5 percent as compared 
to 16.7 percent for the canning process. 
• o 
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FIG. 1. Ascrobic acid in frozen Perfection peas, 1945 
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FIG. 2. Ascorbic acid in canned Perfection peas, 1945 
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TABLE 2. Ascorbic acid in frozen and canned peas in 1945 
Ascorbic acid retention* 
Blanched Blanched Pea Total in 
Tenderometer Raw 90 sec. Frozen 5 min. solids Liquid can of peas 
mg/l00gm percent percent percent percent percent percent 
PERFECTION 
94 .......... 34.2 64.6 64.1 55.6 21.1 17.8 38.9 
102 .......... 31.2 64.9 60.3 50.8 19.8 16.5 36.3 
107 .......... 31.2 52.7 57.1 48.3 18.1 16.4 34.5 
118 .......... 28.8 67.6 67.6 54.4 19.0 16.2 35.2 
125 .......... 29.4 67.7 66.2 57.7 22.7 18.9 41.6 
138 .......... 27.4 67.1 72.7 61.9 18.9 21.2 40.1 
154 .......... 23.4 85.7 83.4 66.0 25.3 25.6 50.9 
EARLY PERFECTION 
95 .......... 30.4 50.2 50.6 39.2 13.9 10.2 24.1 
104 .......... 29.4 58.2 58.4 44.8 17.9 14.6 32.5 
118 .......... 29.9 69.3 64.0 54.2 17.9 14.5 32.4 
129 .......... 28.6 
136 .......... 27.7 68.6 65.1 57.4 20.7 17.0 37.7 
149 .......... 24.8 77.1 74.4 87.3 36.5 32.0 68.5 
*Retention percentage in treated peas compared with raw is determined by calcu· 
lating the ascorbic acid values back to the original fresh weight basis. 
Other workers (2) (13) (14) (15) have found a decreased re-
tention of ascorbic acid with increased length of blanching time. Tod-
hunter and Robbins (13) reported slightly higher retentions when using 
a 60 second blanch than the values reported in this study using a 90 
second blanch. They also found that once the peas were frozen, holding 
them at a storage temperature of OaF, resulted in a negligible loss of 
ascorbic acid. 
Influence on Carotene Content 
Carotene content of both Early Perfection and Perfection peas 
decreased with increased maturity (fig. 3). In the frozen peas one re-
gression equation was calculated for the carotene values of the two 
varieties because the points fell within the same area. The carotene 
values decreased from 0.396 to 0.332 milligrams per 100 grams for ten-
derometer values of 94 to 162, respectively, with the greatest decrease 
occurring after tenderometer values exceeded 114. 
Canned peas contained 0.411 milligrams of carotene per 100 grams 
for young peas (tenderometer 94) decreasing steadily to 0.361 at 
greatest maturity (tenderometer 162) (fig. 4). As in frozen peas, the 
most marked decline in carotene content occurred after tenderometer 
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FIG. 3. The regression of carotene content of frozen Early Perfection 
and Perfection peas on stage of maturity (1944 and 1945) 
Influence on Thiamine Content 
9 
Thiamine content of peas increased somewhat with maturity as 
shown in table 3. Although higher thiamine values were found in both 
the liquid and solids of peas having the highest tenderometer readings 
the increases with increasing maturity were not significant. The thiamine 
content of the canned solids of Perfection peas varied from 0.137 to 
0.158 milligrams per 100 grams and of the liquid from 0.146 to 0.174 
for tenderometer values of 96 and 162, respectively. In both varieties 
of peas the amount of thiamine in the liquid in each can represented 
from approximately 33 to 40 percent of the total value. 
In frozen peas, the thiamine content of Perfection varied from 
0.368 to 0.400 per 100 gm. for tenderometer values of 94 to 154, re-
spectively. This relationship between maturity and increase in thiamine 
content was not significant. 
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FIG. 4. The regression of carotene content of canned Early Perfection 
and Perfection peas on stage of maturity (1944 and 1945) 
Influence on Riboflavin Content 
No particular trend was apparent in riboflavin content of frozen 
peas at different stages of maturity as shown by table 3. 
FERTILIZER STUDY 
Yield data on the peas grown on plots receiving different fertilizer treat-
ments were recorded by the Departments of Agronomy and Vegetable 
Crops and will be reported separately. 
Preliminary tests in 1946 showed .little variation in ascorbic acid 
and thiamine content of peas grown on plots receiving different fertilizer 
treatments. 
In 1947 the fertilizer treatments included four levels of nitrogen 
with and without added phosphorus. Data on the vitamin content of 
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TABLE 3. Thiamine and riboflavin content of Early Perfection 
and Perfection peas, 1944 and 1945 
(Vitamin values in mg. per 100 gm.) 
Tenderometer value Thiamine Riboflavin 
Canned (1944) Frozen Frozen 
1944 1945 Solids Liquid 1945 1945 
PERFECTION 
96 94 .................... 0.137 0.146 0.368 0.120 
102 102 .................... 0.148 0.152 0.351 0.088 
114 107 .................... 0.150 0.146 0.362 0.094 
118 118 .................... 0.141 0.145 0.375 0.094 
132 125 .................... 0.142 0.153 
147 138 .................... 0.148 0.154 0.386 0.099 
162 154 .................... 0.158 0.174 0.400 0.098 
EARLY PERFECTION 
83 95 .................... 0.140 0.141 
87 104 .................... 0.148 0.154 0.288 0.091 
93 118 .................... 0.136 0.153 0.324 0.090 
107 129 .................... 0.156 0.162 
136 136 .................... 0.154 0.166 0.361 0.102 
159 149 .................... 0.164 0.174 0.386 0.094 
TABLE 4. Vitamin content of Perfection peas raised on soil receiving 
different fertilizer treatment 1947 
Tenderometer 
Soil treatment* value Starch Ascorbic acid Thiamine Carotene 
percent mg./l00 gm. mg./l00 gm. mg./l00 gm. 
No ....................... _- ...... _--- .... 108 
Nl __ e _______ .. __ .. __ .... __ ..... __ 102 
N2 ............................ 99 
Na ---------_ .... _--_ .......... _-- 97 
Na split ---.-_ .... _------- 100 
PNo --_ .. --- .. -_ .. _- .......... -- ..... 109 
PNl ...... _- .. -...... ----_._----. 103 
PN2 .. ---- .. ------_ ........ _- .... - 99 
PNa -- .. --------_ ... --- ... ---- 95 
PNa split ................ 96 
*No = no nitrogen added 
Nl = 200# NH4NOa/acre 
N2 = 400# NH4NOa/acre 
Na = 600# NH4NOa/acre 
3.87 29.0 0.447 
3.69 28.5 0.467 
3.44 27.6 0.451 
2.99 28.9 0.459 
3.70 27.9 0.477 
3.96 27.5 0.463 
3.74 26.2 0.467 
3.48 27.9 0.475 
3.36 27.5 0.470 
3.46 28.0 0.472 
Na split = one-half applied at seeding, one-half three weeks later 
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the peas raised on replicated plots receiving these treatments are re-
ported in table 4. Analysis of variance showed that nitrogen did not 
affect the ascorbic acid content. The effect of phosphorus treatment 
as compared to no phosphorus gave a decrease of 0.95 milligrams of 
ascorbic acid per 100 grams, which although significant is of no prac-' 
tical importance. 
Neither nitrogen nor phosphorus caused a significant difference in 
thiamine content. 
As the amount of nitrogen applied to the soil increased, the caro-
tene tended to increase. After the carotene values were adjusted to the 
same tenderometer value the linear effect of nitrogen was significant. 
When 0, 200, 400, and 600 pounds of ammonium nitrate were applied 
to the soil, the average adjusted carotene values were 0.324, 0.340, 
0.345, and 0.360 milligrams per 100 grams of peas, respectively. 
VARIETY STUDY 
Data obtained from the quality appraisal study on different varieties 
of peas are shown in table 5. Although the peas were harvested as 
TABLE 5. Quality appraisal scores of fro zen peas, 1947 
Average 
Variety Tenderometer Skin Cotyledon Color General total 
value Flavor texture texture quality score 
Cody _____ _____ 98 1.5 4.0 3.5 2.8 2.0 2.8 
Atlas 
---------- 83 3.8 3.8 4.0 4.2 4.0 4.0 
Teton _____ _____ 101 2.2 3.0 2.5 3.8 2.2 2.8 
T. Laxton ____ 115 1.8 2.2 3.0 3.8 2.2 2.6 
Loyalty _____ _ 101 3.2 3.8 3.8 1.6 2.6 3.0 
Gradus ___ __ ___ 111 1.5 2.2 2.5 3.0 1.8 2.2 
Wyola --______ 110 4.2 4.6 4.4 4.2 4.8 4.4 
Aurora __ _____ _ 103 2.6 2.2 2.6 2.0 2.4 2.4 
Hardy ___ ___ __ 103 3.0 3.6 3.2 1.4 2.6 2.8 
Perfection __ 84 1.8 2.8 2.5 1.8 2.0 2.2 
Wando ___ ___ __ 88 4.0 4.6 4.2 3.6 4.4 4.2 




95 4.0 4.0 4.0 4.0 4.0 4.0 
Freezer __ __ 116 2.8 3.2 3.0 3.0 2.8 3.0 
Signal __________ 84 1.8 3.2 3.6 2.0 1.8 2.5 
*Improved Stratagem used as standard with a va lue of 4 for each item. 
near the time of their best quality as possible, tenderometer values show 
that it was not done at a uniform stage of maturity. This difference in 
stage of maturity would have an effect on the quality appraisal score. 
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In judging the quality of the cooked frozen peas the Improved Strata-
gem variety was used as a standard with a score of 4 on each of the 
following points: flavor, skin texture, cotyledon texture, color, and 
general quality. On each day of judging, the other varieties were scored 
4 for each of these points if they ranked the same as the standard, 5 if 
better, and 1 to 3 if the rank was poorer. The higher scoring varieties 
would all be good varieties to freeze. 
Of the freezing varieties scored, the following seven ranked highest: 
Wyola, Wando, Rando, Improved Stratagem, Atlas, Dwarf Freezer, and 
Thomas Laxton. The last two varieties, Dwarf Freezer and Thomas 
Laxton, with tenderometer values of 116 and 115, respectively, were 
slightly over-mature. This may have accounted in part for their lower 
scores for flavor, skin texture, and cotyledon texture. The earliest varie-
ty, Cody, with a tenderometer value of 98, scored higher on the last 
two points although from the standpoint of flavor it was undesirable. 
The importance of harvesting at prime maturity was emphasized in this 
study. Canning varieties scored low because of the light gray-green 
color in comparison to the more desirable bright green of the freezing 
varieties. However, exclusive of color several of the canning varieties 
when frozen gave a good quality product. 
For judging the canned peas Perfection was used as a standard. 
The best canning varieties ranked as follows: Loyalty, Perfection, and 
Hardy. 
The differences in vitamin content of the varieties are also impor-
tant (table 6). Ascorbic acid values varied from 22 to 36 milligrams 
per 100 grams for the Gradus and Hardy varieties, respectively. Of the 
seven freezing varieties scoring highest for quality appraisal the three 
lowest in ascorbic acid content were Rando with 23, Thomas Laxton 
with 24, and Dwarf Freezer with 24 milligrams per 100 grams. Dif-
ferences between varieties having high and low contents of ascorbic acid 
were highly significant. 
Perfection peas, which are canned extensively in Utah, ranked 
third from the highest in ascorbic acid content. Studies on Perfection 
peas in 1944 and 1945 showed the same or higher content of ascorbic 
acid. If the variety, Perfection, is used as a criterion for comparison 
with peas having an ascorbic acid content of 31.9+3.1 (the least sig-
nificant difference at the 1 percent level), four of the other varieties are 
included within this range, one exceeds it, and 10 fall below it. 
VariatioI!s in thiamine and carotene content were also highly sig-
nificant. Thiamine values varied from 0.270 to 0.446 milligrams per 
100 grams in the Dwarf Freezer and Perfection varieties. In this vita-
min the Dwarf Freezer and Atlas were the lowest of the freezing varie-
ties either for the observed value or when the mean was adjusted for 
14 UTAH AGRICULTURAL EXPERIMENT STATION BULLETIN 337 
TABLE 6. Variety study of peas, 194-7 
(Vitamin values in mg. per 100 gm.) 
Tender- Thiamine Carotene 
Variety Harvest ometer Ascorbic Observed Adjusted Observed Adjusted 
date value acid mean mean mean mean 
• Cody ........ June 13 98 27.1 0.374 0.379 0.328 0.324 
° Atlas .......... June 19 83 26.6 0.279 0.301 0.405 0.386 
• Teton ........ June 24 101 23.6 0.278 0.277 0.371 0.371 
·T. Laxton .. June 24 115 24.1 0.335 0.316 0.394 0.411 
Loyalty ...... June 25 101 32.2 0.347 0.346 0.415 0.416 
°Gradus .. ~ ... June 25 III 22.0 0.355 0.342 0.407 0.419 
• Wyola ........ June 30 110 30.5 0.371 0.356 0.460 0.472 
Aurora ...... June 30 103 26.8 0.360 0.356 0.295 0.298 
Hardy ........ June 30 103 35.5 0.341 0.340 0.325 0.328 
Perfection July 2 ·84 31.9 0.446 0.466 0.342 0.324 
°Wando ...... July 2 88 29.0 0.354 0.370 0.444 0.430 
• Rando ...... July 2 96 22.6 0.438 0.444 0.382 0.377 
°Imp. 
Stratagem July 3 95 27.9 0.386 0.392 0.417 0.411 
° Dwarf 
Freezer .... July 6 116 24.2 0.270 0.250 0.376 0.394 
Signal ........ July 3 84 28.1 0.437 0.283 
Least significant P =.05 2.28 0.031 0.030 
diHerence P =.01 3.12 0.043 0.042 
*freezing varieties. The others are canning varieties. 
differences in tenderometer values. Perfection peas ranked first in thia-
mine when either observed or adjusted mean was considered. The 
range in carotene content was 0.283 to 0.460 milligrams per 100 grams 
for the Signal and Wyola varieties. All of the seven freezing varieties 
mentioned above contained more carotene than did Perfection peas. 
The darker green color of the freezing varieties is associated with higher 
carotene content. Perfection peas ranked second from highest among 
the canning varieties. 
Peas rank as a fair to good source of ascorbic acid when compared 
to tomatoes and cabbage. When peas are used in the diet an additional 
one-third more ascorbic acid could be contributed by using varieties 
ranking highest in this vitamin. The data on carotene and thiamine 
values indicate that varieties differ in their content but these differences 
are not great when compared to certain other foods generally associated 
with high values in either vitamin. However, because of the frequent 
use of peas in the average diet, selection of varieties with a considera-
tion for high vitamin content and good quality would be of importance. 
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SUMMARY 
DATA HAVE BEEN reported from the following studies: (1) the effect of maturity on the vitamin content of canned and frozen peas, 
(2) the effect of the use of different fertilizers on vitamin content of 
fresh peas, and (3) the effect of variety on the vitamin content of 
fresh peas. 
The percent retention of ascorbic acid in the blanched, canned, 
and frozen peas did not vary greatly with increasing maturity until 
tenderometer values of the peas went over 125. The percentage reten-
tion in canned Perfection peas varied from 34 to 51 and in the frozen 
peas 57 to 83. The ascorbic acid was about equally divided between 
the liquid and solids in the canned peas. 
Carotene content of frozen and canned peas showed a greater de-
crease as the peas increased in maturity above a tenderometer value 
of 114. 
Thiamine values did not increase significantly with increasing 
maturity. 
Application of nitrogen to the soil had little effect on the ascorbic 
acid and thiamine content of the peas but increased the carotene content. 
Phosphorus fertilizer had little effect on the vitamin content of 
the peas. 
Fifteen varieties of freezing and canning peas were judged for 
. flavor, skin texture, cotyledon texture, and color. The seven freezing 
varieties ranking highest were as follows: Wyola, Wando, Rando, Im-
proved Stratagem, Atlas, Dwarf Freezer, and Thomas Laxton. The 
canning peas ranked as follows: Loyalty, Perfection and Hardy. The 
stage of maturity had a marked effect on the quality appraisal score. 
Ascorbic acid values varied from 22 to 36 milligrams per 100 grams 
in the Gradus and Hardy varieties, respectively; thiamine from 0.270 
to 0.446 milligrams per 100 grams in the Dwarf Freezer and Perfection 
varieties; and carotene from 0.283 to 0.460 milligrams per 100 grams 
in the Signal and Wyola varieties. 
o o o 
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